
*ODVV�PHWDO�FRPSRVLWHV�ZLWK�JUDGHG�LQWHUIDFH�E\�SRWHQWLDO�

HQKDQFHG�VKDSLQJ�

-DQ�7DEHOOLRQ�DQG�5ROI�&ODVHQ�
6DDUODQG�8QLYHUVLW\��'HSDUWPHQW�RI�3RZGHU�7HFKQRORJ\��,P�6WDGWZDOG��*HE�����'�������6DDUEUXFNHQ��
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�

*ODVV±PHWDO� FRPSRVLWHV� ILQG� D� ZLGH� UDQJH� RI� DSSOLFDWLRQ� LQ� LOOXPLQDWLRQ� HQJLQHHULQJ� DQG�
PLFURHOHFWURQLFV�� %\� PHDQV� RI� SRWHQWLDO�DVVLVWHG� GHSRVLWLRQ� WHFKQLTXHV� JODVV�PHWDO� MXQFWLRQV� ZLWK�

DGMXVWDEO\� JUDGHG� FKHPLFDO� FRPSRVLWLRQ� FDQ� EH� SURGXFHG�� ,QWULQVLF� SUREOHPV� RI� FRPPRQ�PDQXIDFWXULQJ�

WHFKQRORJLHV��OLNH�JHQHUDWLRQ�RI�KLJK�UHVLGXDO�VWUHVVHV�QHDU�WKH�VKDUS�LQWHUIDFH��FDQ�WKXV�EH�PLQLPLVHG��6XFK�

FRPSRVLWHV�FDQ�EH�SUHSDUHG�E\�PHDQV�RI�HOHFWURSKRUHWLF�RU�HOHFWURO\WLF�GHSRVLWLRQ�RI�D�PHWDO�R[LGH�RU�PHWDO�

UHVSHFWLYHO\� ZLWKLQ� WKH� RSHQ� SRUHV� D� VLOLFD� JODVV� JUHHQ� ERG\� DQG� VXEVHTXHQW� VLQWHULQJ� RI� WKH� JUHHQ�

FRPSRVLWH��([WHQVLRQ�DQG�VWHHSQHVV�RI�WKH�JUDGLHQW��PHDVXUHG�E\�(';�DQG�RSWLFDO�VSHFWURVFRS\��FRXOG�EH�
FRQWUROOHG�E\�DGMXVWLQJ�WKH�SURFHVV�SDUDPHWHUV�GXULQJ�LPSUHJQDWLRQ�DQG�E\�WDLORULQJ�JUHHQ�GHQVLW\�DQG�SRUH�

VWUXFWXUH�RI�WKH�VLOLFD�JODVV�JUHHQ�ERG\��ZKLFK�ZDV�SUHSDUHG�E\�HOHFWURSKRUHWLF�GHSRVLWLRQ��

,QWURGXFWLRQ�

*ODVV� PHWDO� MXQFWLRQV� SOD\� DQ� LPSRUWDQW� UROH� HLWKHU� LQ� OLJKWLQJ� HQJLQHHULQJ� DV� LQ�
PLFURHOHFWURQLFV�� ,Q� FRQYHQWLRQDO� MRLQLQJ� WHFKQLTXH� D� GLVFRQWLQXRXV� JODVV� PHWDO� MXQFWLRQ�
ZLWK� D� VKDUS� LQWHUIDFH� LV� DFKLHYHG��$ERYH� WUDQVIRUPDWLRQ�� DW� VXLWDEOH� YLVFRVLW\�� WKH� JODVV� LV�
VTXHH]HG�RQWR� WKH�PHWDO��6XEVHTXHQWO\� WKH�JODVV�PHWDO�FRPSRVLWH� LV�FRROHG�GRZQ�WR�URRP�
WHPSHUDWXUH��'XH�WR�WKH�KLJKO\�LQFRPSDWLEOH�PHFKDQLFDO�DQG�WKHUPR�SK\VLFDO�SURSHUWLHV�RI�

JODVVHV��HVSHFLDOO\�VLOLFD�JODVV��DQG�PHWDOV��H�J��αWK�WXQJVWHQ�� ����Ã��
�����.��αWK�VLOLFD�JODVV�� �

���Ã����� ��.�� KLJK� UHVLGXDO� VWUHVVHV� FDQ� DULVH� GXULQJ� MRLQLQJ� WKDW� FDQQRW� EH� GLVUHJDUGHG��
&RQYHQWLRQDOO\�WKHVH�UHVLGXDO�VWUHVVHV�DUH�SDUWO\�FRPSHQVDWHG�E\�XVLQJ�RQH�RUH�PRUH�VHDOLQJ�
JODVVHV� WKDW� DUH� DSSOLHG� RQWR� WKH� PHWDO� OD\HU�ZLVHL�LL�� 'XH� WR� D� JUDGXDO� FKDQJH� LQ� WKHUPDO�
H[SDQVLRQ�FRHIILFLHQW�RI�WKHVH�VHDOLQJ�JODVVHV�D�VWHSZLVH�DGMXVWPHQW�RI�WKH�WKHUPDO�H[SDQVLRQ�
IURP�PHWDO� WR�PDQWOH�JODVV� DQG�KHQFH�D� UHGXFWLRQ�RI� UHVLGXDO� VWUHVVHV� LV�DFKLHYHG��%XW�QRW�
RQO\� WKHUPDO� H[SDQVLRQ� LV� D� NH\� IDFWRU� WKDW�KDV� WR� WDNHQ� LQWR� DFFRXQW�EXW� DOVR� VWUHQJWK�RI�
DGKHVLRQ�EHWZHHQ�VHDOLQJ�JODVV�DQG�PHWDO��ZKLFK�LQ�WXUQ�LV�GHWHUPLQHG�E\�ZHWWLQJ�EHKDYLRXU�
DQG� FKHPLFDO� LQWHUDFWLRQ�� SOD\V� DQ� LPSRUWDQW� UROHLLL�� 7KH� QHFHVVLW\� WR� DSSO\� VHYHUDO� VHDOLQJ�
JODVVHV�PXFK� FRPSOLFDWHV� WKH�PDQXIDFWXULQJ� SURFHVV� RI� JODVV�PHWDO� W\SHV� LQ� FRQYHQWLRQDO�
SURGXFWLRQ� WHFKQRORJ\��)XUWKHUPRUH�� DV� D� FRQVHTXHQFH� RI� D� SURFHHGLQJ�PLQLDWXULVDWLRQ� RI�
OLJKWLQJ� FRPSRQHQWV� DQG�PLFURHOHFWURQLF� SDUWV� YHU\� VPDOO� WROHUDQFH� KDYH� WR� EH� NHSW��7KLV�
EHFRPHV� LQFUHDVLQJO\� GLIILFXOW� ZLWK� FRPPRQ� MRLQLQJ� RI� JODVVHV� WR� PHWDO�� )XUWKHUPRUH�� LQ�
OLJKWLQJ�PDQXIDFWXULQJ�FHQWUH�RI�PHWDOOLF�PDQGUHO�RU�FXUUHQW� OHDG�EHFRPHV�PRUH�DQG�PRUH�
GLIILFXOW�ZLWK�PLQLDWXULVDWLRQ���
$Q�DOWHUQDWLYH�IRU�WKH�PLQLPLVDWLRQ�RI�UHVLGXDO�VWUHVVHV�LQ�JODVV�PHWDO�FRPSRVLWHV�DQG�IRU�DQ�
HQKDQFHG�PDQXIDFWXULQJ�RI�VPDOO�FRPSRQHQWV�ZLWK�JODVV�PHWDO� MXQFWLRQ� OLHV� LQ�WKH�SRZGHU�
WHFKQRORJLFDO� PDQXIDFWXULQJ� RI� JODVV�PHWDO� FRPSRVLWHV� ZLWK� IXQFWLRQDOO\� JUDGHG�
FRPSRVLWLRQ��'XH�WR�WKH�ODUJH�VSHFLILF�VXUIDFH�DUHD�EHWZHHQ�PHWDO�DQG�JODVV�SKDVH�PLVPDWFK�
RI�WKH�WKHUPR�SK\VLFDO�SURSHUWLHV�RI�JODVV�DQG�PHWDO�FDQ�EH�FRPSHQVDWHG��LI�DQ�DSSURSULDWH�
JUDGLHQW�LV�SUHSDUHGLY��7KXV��UHVLGXDO�VWUHVVHV�FDQ�EH�PLQLPLVHGY��
(OHFWURSKRUHWLF�GHSRVLWLRQ��(3'��LV�D�VKDSLQJ�SURFHVV�IRU�FHUDPLFV�DQG�JODVVHV�WKDW�KDV�DQ�
RXWVWDQGLQJ�VXLWDELOLW\�IRU�WKH�GHSRVLWLRQ�RI�QDQRVL]HG�SDUWLFOHV��,Q�FDVH�RI�(3'�GHSRVLWLRQ�
UDWH�LV�LQGHSHQGHQW�RI�SDUWLFOH�VL]H�LQ�FRQWUDVW�WR�VOLS�RU�SUHVVXUH�FDVWLQJ�H�J��7KLV�HQDEOHV�D�



IDVW�DQG�FRVW�HIILFLHQW�IRUPLQJ�RI�JODVV�DQG�HVSHFLDOO\�VLOLFD�JODVV�FRPSRQHQWV�IURP�QDQRVL]HG�
IXPHG� VLOLFD� SDUWLFOHVYL� RU� PL[WXUHV� RI� VPDOOHU� DQG� FRDUVHU� SDUWLFOHV�� ,W� LV� LPSRUWDQW� WR�
PLQLPLVH�VLQWHULQJ�WHPSHUDWXUH� LQ�SRZGHU�PDQXIDFWXULQJ�RI�VLOLFD�JODVVHV� LQ�RUGHU�WR�DYRLG�
FU\VWDOOLVDWLRQ��7KLV�FDQ�EH�DFKLHYHG�E\�XVLQJ�QDQRVL]HG�SRZGHUV�ZHUH�VLQWHULQJ�WHPSHUDWXUHV�
IURP������WR�������&�DUH�UHDFKHG��H�J��'HJXVVD�$HURVLO�2;����$������%XW�HYHQ�IRU�SRZGHU�
PL[WXUHV�RI�VRPH�QDQRVL]HG�DQG�FRDUVHU�SDUWLFOHV�VLQWHULQJ�WHPSHUDWXUHV�DUH�VXIILFLHQWO\�ORZ�
������WR�������&��WR�DYRLG�FU\VWDOOLVDWLRQ�LQ�SDUWLFXODU�EHFDXVH�FU\VWDOOLVDWLRQ�YHORFLW\�LV�YHU\�
ORZ� LQ� FDVH�RI�SXUH� VLOLFD�JODVV��)XUWKHU� DGYDQWDJHV�RI� WKH� HOHFWURSKRUHWLF�GHSRVLWLRQ� IURP�
DTXHRXV� VXVSHQVLRQV� DV� VKDSLQJ� WHFKQLTXH� DUH�KLJK�GHSRVLWLRQ� UDWHV�� ORZ� HQHUJ\�LQSXW� DQG�
JRRG�HQYLURQPHQWDO�FRPSDWLELOLW\��$�VLOLFD�JUHHQ�ERG\�ZLWK�D�WKLFNQHVV�RI�H�J�����PP�FDQ�EH�
REWDLQHG�DIWHU�OHVV�WKDQ���PLQXWHV�GHSRVLWLRQ�WLPH�ZLWK�DQ�DSSOLHG�HOHFWULF�ILHOG�RI���9�FPYLL��
&RPSUHKHQVLYH� UHYLHZV�DERXW� HOHFWURSKRUHWLF�GHSRVLWLRQ�DV�FRDWLQJ�DQG� VKDSLQJ� WHFKQLTXH�
IRU�FHUDPLFV�DQG�JODVVHV�FDQ�EH�IRXQG�LQYLLL��L[�

([SHULPHQWDO�VHW�XS�

6LOLFD�JUHHQ�ERGLHV�ZHUH�SUHSDUHG�E\�HOHFWURSKRUHWLF�GHSRVLWLRQ�RI�VLOLFD�SDUWLFOHV�IURP�
DTXHRXV� VXVSHQVLRQV�� 6LOLFD� SRZGHUV� RI� GLIIHUHQW� SDUWLFOH� VL]H� GLVWULEXWLRQ� ZHUH� GLVSHUVHG�
JUDGXDOO\� LQ� ELGLVWLOOHG� ZDWHU� E\�PHDQV� RI� D� 'LVVROYHU� �3&� /DERUV\VWHPH�� XQGHU� FRQVWDQW�
DSSOLHG� WRUTXH�� 9DFXXP� ZDV� DSSOLHG� WR� DYRLG� LQFRUSRUDWLRQ� RI� DLU� EXEEOHV� LQWR� WKH�
VXVSHQVLRQ�� 1DQRVL]HG� IXPHG� VLOLFD� SDUWLFOHV� ZLWK� D� PHDQ� SDUWLFOH� VL]H� RI� �� WR� ���QP�
UHVSHFWLYHO\��'HJXVVD�$HURVLO�$�����2;����ZHUH�XVHG�DV�ZHOO�DV�FRDUVHU�VLOLFD�SRZGHUV�DQG�
PL[WXUHV�RI�ERWK�QDQRVL]HG�DQG�ELJJHU�SDUWLFOHV��7KH�DYHUDJH�VL]H�RI�FRDUVHU�VLOLFD�SDUWLFOHV�
ZDV� DERXW� ��� WR� ����P�� 'LIIHUHQW� DPRXQWV� RI� WHWUDPHWK\ODPPRQLXPK\GUR[LGH� �70$+��

ZHUH� DGGHG� WR� WKH� VXVSHQVLRQV� WR� DGMXVW� ζ�SRWHQWLDO� RI� WKH� SDUWLFOHV� VXLWDEOH� IRU�
HOHFWURSKRUHWLF� GHSRVLWLRQ�� 5KHRORJLFDO� EHKDYLRXU� RI� WKH� VXVSHQVLRQV� ZDV� LQYHVWLJDWHG� E\�

PHDQV� RI� URWDWLRQDO� YLVFRVLPHWU\� DQG� ζ�SRWHQWLDO� RI� WKH� VLOLFD� SDUWLFOHV� ZDV� PHDVXUHG� E\�
PHDQV�RI�D�=HWD�6L]HU��0DOYHUQ���,Q�$GGLWLRQ�HOHFWULFDO�FRQGXFWLYLW\�DQG�S+�ZHUH�PHDVXUHG�
WR�JXDUDQWHH�UHSURGXFLELOLW\���
(OHFWURSKRUHWLF� GHSRVLWLRQ� ZDV� FDUULHG� RXW� XQGHU� FRQVWDQW� DSSOLHG� YROWDJH� EDVHG� RQ� WKH�
PHPEUDQH�PHWKRG[��7KH�HOHFWURSKRUHVLV�FHOO�ZDV�VXEGLYLGHG�LQWR�WZR�FKDPEHUV�E\�DQ�LRQ�
SHUPHDEOH�PHPEUDQH��7ZR�SODWLQXP�IRLOV�ZHUH�XVHG�DV�HOHFWURGHV��6XVSHQVLRQ�ZDV�SRXUHG�
LQWR� WKH� FDWKRGH�VLGHG� FKDPEHU�� ZDWHU� ZLWK� DGHTXDWH� DPRXQWV� RI� 70$+� LQWR� WKH� DQRGH�
FKDPEHU�� 6LQFH� WKH�PHPEUDQH� XVHG�ZDV� QRW� SHUPHDEOH� IRU� WKH� SDUWLFOHV�� WKH� GHSRVLW� ZDV�
IRUPHG� DW� WKH�PHPEUDQH�� ,Q�FRQWUDVW�� UHFRPELQDWLRQ�RI� LRQV�� JHQHUDWHG�E\� WKH�HOHFWURO\WLF�
GHFRPSRVLWLRQ�RI�ZDWHU�DW�YROWDJHV�KLJKHU�WKDQ�§����9�� WRRN�SODFH�DW�WKH�HOHFWURGHV��7KXV��
QR�IRUPDWLRQ�RI�JDV�EXEEOHV�ZDV�REVHUYHG�ZLWKLQ�WKH�GHSRVLWHG�JUHHQ�ERGLHV��7KH�ZLGWK�RI�
WKH� GLIIHUHQW� FKDPEHUV� ZDV� RSWLPLVHG� DIWHU� PHDVXULQJ� WKH� HIIHFWLYH� HOHFWULF� ILHOG� VWUHQJWK�
ZLWKLQ�WKH�HOHFWURSKRUHVLV�FHOO[L��7KH�HOHFWULF�ILHOG�VWUHQJWK�DSSOLHG�ZHUH�LQ�WKH�UDQJH�RI���WR�
���9�FP�� $� GHSRVLWLRQ� WLPH� RI� ���� WR� ��� PLQXWHV� ZDV� FKRVHQ�� $IWHU� VKDSLQJ�� WKH� JUHHQ�
ERGLHV� ZHUH� GULHG� LQ� DLU� XQGHU� DPELHQW� KXPLGLW\�� 1R� FUDFNLQJ� FRXOG� EH� REVHUYHG��*UHHQ�
GHQVLW\� RI� WKH� GHSRVLWHG� FRPSDFWV�ZDV� GHWHUPLQHG� DFFRUGLQJ� WR�$UFKLPHGHV�PHWKRG� DQG�
SRUH�VL]H�GLVWULEXWLRQ�ZDV�PHDVXUHG�E\�PHUFXU\�SRURVLPHWU\���
7R�DFKLHYH�VLOLFD�JUHHQ�ERGLHV�ZLWK�JUDGHG�SRUH�VL]H�GLVWULEXWLRQ�DQG�SRURVLW\�DQG�WR�SUHSDUH�
D�VLOLFD�PHWDO�R[LGH�)*0�WKH�HOHFWURSKRUHWLFDOO\�GHSRVLWHG�JUHHQ�ERGLHV�ZHUH� LPSUHJQDWHG�
ZLWK� QDQRVL]HG� SDUWLFOHV� XQGHU� DSSOLHG� HOHFWULF� ILHOG�� 7KH� H[SHULPHQWDO� VHW�XS� IRU� WKLV�
HOHFWURSKRUHWLF�LPSUHJQDWLRQ�FRUUHVSRQGHG�WR�WKDW�RI�WKH�(3'��7KH�PHPEUDQH�XVHG�LQ�FDVH�
RI� WKH�(3'�ZDV� UHSODFHG� E\� WKH� RSHQ�SRURXV� VLOLFD� JUHHQ� ERG\��$TXHRXV� VXVSHQVLRQV� RI�



QDQRVL]HG� SRZGHUV�ZLWK� FRPSDUDEO\� ORZ� VROLGV� FRQWHQW�ZHUH�XVHG��$OWHUQDWLYHO\�� D� JUDGHG�
VLOLFD�PHWDO� VWUXFWXUH�ZDV� DFKLHYHG� E\� HOHFWURO\WLF� LPSUHJQDWLRQ� RI� WKH� SRURXV� VLOLFD� JUHHQ�
ERG\��,Q�WKLV�FDVH�D�FRQGXFWLQJ�OD\HU�ZDV�DSSOLHG�RQWR�RQH�VXUIDFH�RI�WKH�SRURXV�JUHHQ�ERG\��
$IWHU�LPSUHJQDWLRQ�WKH�JUHHQ�ERGLHV�ZHUH�GULHG�DJDLQ�DQG�FKDUDFWHULVHG�VXEVHTXHQWO\�RQ�WKH�
EDVLV�RI�6(0�SLFWXUHV�E\� LPDJH�DQDO\VLV�DQG�E\�PHDQV�RI�(';��DQG�RSWLFDO�VSHFWURVFRS\��
6LQWHULQJ�RI�WKH�FRPSDFWV�ZDV�FDUULHG�RXW�XQGHU�UHGXFLQJ�DWPRVSKHUH���

5HVXOWV�DQG�GLVFXVVLRQ�

7ZR� URXWHV� ZHUH� SXUVXHG� IRU� PDQXIDFWXULQJ� RI� VLOLFD� JODVV� PHWDO� FRPSRVLWHV� E\�
SRWHQWLDO�HQKDQFHG� VKDSLQJ� DQG� VXEVHTXHQW� VLQWHULQJ� RI� SRZGHUV�� ,Q� HYHU\� FDVH� D� SRURXV�
VLOLFD� JUHHQ� ERG\�ZDV� SURGXFHG� DQG�ZDV� LPSUHJQDWHG� HOHFWURO\WLFDOO\� RU� HOHFWURSKRUHWLFDOO\�
ZLWK� D� PHWDO� RU� PHWDO� R[LGH� UHVSHFWLYHO\�� ,Q� WKH� ODWWHU� FDVH� D� VLOLFD� JUHHQ� ERG\� ZLWK�
KRPRJHQHRXV�GHQVLW\�DQG�SRUH�VL]H�ZDV�SUHSDUHG�E\�HOHFWURSKRUHWLF�GHSRVLWLRQ��0HDQ�SRUH�
VL]H�RI�WKH�JUHHQ�ERG\�ZDV������P�ZLWK�DQG�JUHHQ�GHQVLW\�ZDV�DERXW�����7'��$Q�DTXHRXV�
VXVSHQVLRQ� ZLWK� ��ZW��� WXQJVWHQ� R[LGH� �:2��� ZDV� XVHG� WR� LPSUHJQDWH� WKH� JUHHQ� ERG\�
HOHFWURSKRUHWLFDOO\�� )LJXUH� �� VKRZV� D� 6(0� LPDJH� RI� D� IUDFWXUH� VXUIDFH� RI� VXFK� D� JUHHQ�
FRPSRVLWH�RI�VLOLFD�DQG�WXQJVWHQ�R[LGH��7KH�VXUIDFH�RQ�FRQWDFW�ZLWK�WKH�VXVSHQVLRQ�LV�RQ�WKH�
ULJKW�KDQG�VLGH��$�JUDGHG�FKDQJH�IURP�WXQJVWHQ�R[LGH�WR�VLOLFD�ZDV�REVHUYHG��%\�PHDQV�RI�
LPDJH� DQDO\VLV� GHQVLILFDWLRQ� RI� WKH� JUHHQ� ERG\� DIWHU� LPSUHJQDWLRQ� ZDV� GHWHUPLQHG�� $�
GHQVLILFDWLRQ�RI�������LV�HTXDWHG�ZLWK�DQ�DPRXQW�RI�DERXW����YRO����RI�WXQJVWHQ�R[LGH��7KLV�
PHDQV�WKDW�DOO� WKH�SRUHV�RI� WKH�VLOLFD�JUHHQ�ERG\�ZHUH� ILOOHG�ZLWK�QDQRVL]HG�WXQJVWHQ�R[LGH�
SDUWLFOHV��7KLV�GRHV�QRW�PHDQ� WKDW� WKHRUHWLFDO�GHQVLW\� FDQ�EH� UHDFKHG�� EXW�RQO\� WKDW� DOO� WKH�
ODUJHU� SRUHV� DUH� ILOOHG� DQG� RQO\� QDQRVL]HG� SRUHV� LQ� WKH� UDQJH� RI� ����P� H[LVW� EHWZHHQ� WKH�
WXQJVWHQ�R[LGH�SDUWLFOHV��$�VKRZQ�LQ�ILJXUH����GUDZLQJ��D�JUDGHG�GHFUHDVH�RI�GHQVLILFDWLRQ�RU�
WXQJVWHQ�R[LGH�ZDV�IRXQG�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�VXUIDFH��
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)LJXUH���� 6LOLFD�JODVV�WXQJVWHQ�R[LGH�JUHHQ�ERG\�ZLWK�JUDGHG�FKHPLFDO�FRPSRVLWLRQ�

PDQXIDFWXUHG�E\�HOHFWURSKRUHWLF�LPSUHJQDWLRQ�RI�D�VLOLFD�JUHHQ�ERG\��OHIW�KDQG�VLGH��

DQG�LQIOXHQFH�RI�DSSOLHG�HOHFWULF�ILHOG�RQ�LPSUHJQDWLRQ��ULJKW�KDQG�VLGH��

$V� GHVFULEHG� EHIRUH� DQ� DOWHUQDWLYH� URXWH� WR� DFKLHYH� IXQFWLRQDOO\� JUDGHG� VLOLFD� JODVV� PHWDO�
FRPSRVLWHV� LV� WKH� HOHFWURO\WLF� LPSUHJQDWLRQ� RI� VLOLFD� JUHHQ� ERGLHV�ZLWK� JUDGHG� GHQVLW\� DQG�
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SRUH� VWUXFWXUH�� 6XFK� VLOLFD� JUHHQ� ERGLHV� FDQ� EH� SUHSDUHG� E\� HOHFWURSKRUHWLF� GHSRVLWLRQ� YLD�
WZR�DOWHUQDWLYH�ZD\V��,W�FRXOG�EH�VKRZQ�WKDW�E\�DGMXVWLQJ� WKH�SURFHVV�SDUDPHWHUV� �(3'�RU�
VXVSHQVLRQ��GXULQJ�GHSRVLWLRQ�JUHHQ�GHQVLW\�DQG�SRUH�VL]H�FRXOG�EH�WDLORUHG��,Q�WKLV�ZRUN�D�
FDVW� RU� HOHFWURSKRUHWLFDOO\� GHSRVLWHG� JUHHQ� ERG\� ZLWK� KRPRJHQHRXV� PLFURVWUXFWXUH� ZDV�
LPSUHJQDWHG� HOHFWURSKRUHWLFDOO\� ZLWK� QDQRVL]HG� SDUWLFOHV� �'HJXVVD� 2;����� 7KXV�� D�
FRQWLQXRXV� JUDGLHQW� LQ� GHQVLW\� DQG� SRUH� VL]H� IURP� LPSUHJQDWLRQ� VXUIDFH� �FRQWDFW� ZLWK�
VXVSHQVLRQ��WRZDUGV�EXON�RI�WKH�JUHHQ�ERG\�FRXOG�EH�DFKLHYHG��,W�ZDV�VKRZQ�WKDW�VWHHSQHV�
RI�JUDGLHQW�FRXOG�EH�WDLORUHG�� LQ�D�ZLGH�UDQJH�DQG�D�JUDGHG�VWUXFWXUH�RI�VRPH�����P�XS�WR�
VHYHUDO� PLOOLPHWUHV� ZDV� DFKLHYHG�� 6XEVHTXHQWO\�� JUHHQ� ERGLHV� SUHSDUHG� LQ� VXFK� D� PDQQHU�
ZHUH�LPSUHJQDWHG�HOHFWURO\WLFDOO\�ZLWK�FRSSHU�WR�VKRZ�WKH�IHDVLELOLW\�RI�WKH�SURFHVV��)LJXUH���
VKRZV� D� 6(0� LPDJH� RI� VLOLFD� JODVV� FRSSHU� JUHHQ� FRPSRVLWH� ZLWK� IXQFWLRQDO� GHFUHDVLQJ�
FRSSHU�FRQWHQW�IURP�WKH�XSSHU�VXUIDFH�WRZDUGV�WKH�EXON��7KH�EODFN�DUHDV�DUH�SRUHV�RI� WKH�
JUHHQ� ERG\� ILOOHG� ZLWK� FRSSHU�� 6LQFH� PHOWLQJ� WHPSHUDWXUH� RI� FRSSHU� LV� WR� ORZ� IRU� WKHVH�
FRPSRVLWHV�WR�EH�VLQWHUHG�WR�IXOO�GHQVLW\��LQ�D�QH[W�WHVW�VHULHV�QLFNHO�ZDV�GHSRVLWHG�ZLWKLQ�WKH�
SRUHV�RI�VLOLFD�JUHHQ�ERGLHV�HOHFWURO\WLFDOO\��)LJXUH���VKRZV�WKH�FRPSRVLWLRQDO�JUDGLHQW�RI�D�
VLOLFD� JODVV� QLFNHO� FRPSRVLWH� SUHSDUHG� E\� HOHFWURO\WLF� LPSUHJQDWLRQ�� 'DUN� DQG� GRWWHG� OLQH�
FRUUHVSRQG�WR�JUHHQ�ERG\�DQG�VLQWHUHG�FRPSRVLWH�UHVSHFWLYHO\���
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%\�PHDQV�RI�HOHFWURSKRUHWLF�GHSRVLWLRQ� �(3'��RI�QDQRVL]HG�IXPHG�VLOLFD�SDUWLFOHV�DQG��RU�
FRDUVHU� VLOLFD� SRZGHUV� IURP� DTXHRXV� VXVSHQVLRQV� FRPSOH[� VKDSHG� VLOLFD� JODVV� FDQ� EH�
PDQXIDFWXUHG�RQ�D�FRPSHWLWLYH�VFDOH��*UHHQ�GHQVLW\�DQG�SRUH�VL]H�GLVWULEXWLRQV�RI�WKH�JUHHQ�
ERGLHV� FDQ� EH� WDLORUHG� E\� DGMXVWLQJ� WKH� SDUDPHWHUV� RI� WKH�(3'��$OWHUQDWLYHO\�� VLOLFD� JUHHQ�
ERGLHV�ZLWK�FRQWLQXRXVO\�JUDGHG�SRUH�VL]H�GLVWULEXWLRQ�DQG�JUHHQ�GHQVLW\�FRXOG�EH�DFKLHYHG�
E\�HOHFWURSKRUHWLF�LPSUHJQDWLRQ��(3,��RI�SRURXV�VLOLFD�JUHHQ�ERGLHV�ZLWK�QDQRVL]HG�SDUWLFOHV��
$� IXQFWLRQDOO\� JUDGHG� VLOLFD� JODVV�PHWDO� RU� PHWDO� R[LGH� JUHHQ� FRPSRVLWH� FRXOG� EH�
PDQXIDFWXUHG� E\� LPSUHJQDWLRQ� RI� VXFK� JUHHQ� ERGLHV� HLWKHU� HOHFWURSKRUHWLFDOO\� �WXQJVWHQ�
R[LGH��RU�HOHFWURO\WLFDOO\��FRSSHU��QLFNHO���$IWHU�VLQWHULQJ�XQGHU�UHGXFLQJ�DWPRVSKHUH�D�VLOLFD�
JODVV�PHWDO�FRPSRVLWH�ZDV�DFKLHYHG�ZLWK�FRQWLQXRXVO\�JUDGHG�JODVV�PHWDO�MXQFWLRQ��
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